ABSTRACT -The objective of this study was to evaluate the nutritional and productive characteristics of primiparous lactating cows grazing on tropical pasture, using different levels of crude glycerin in the supplement. The experiment was conducted at Rancho Santana farm, located in Jequié city, Bahia, Brazil, in the period from December 21, 2010 to March 16, 2011. Ten ¾ Holstein × ¼ Dairy Gyr lactating primiparous cows, with 109±24 days of lactation and a mean age of 30±6 months and mean body weight of 426.2±68.29 kg were distributed into five treatments, using two simultaneous 5 × 5 latin squares. Treatments consisted of inclusion levels (0, 94, 191, 289, 389 g/kg dry matter basis) of crude glycerin in the supplement. Intake, digestibility, milk production and composition were measured. Results were statistically analyzed by analysis of variance and regression at 0.05 probability. For all consumption variables no significant differences were found between the levels of crude glycerin. Except for the digestibility of ether extract, all digestibility values were similar between treatments. The fat content and yield showed quadratic effect between treatments. No significant differences were observed for protein, lactose, total solids, nonfat dry extract, fat:protein ratio, milk urea nitrogen and somatic cell count between treatments. For primiparous lactating cows grazing on tropical pasture, up to 389 g of crude glycerin/kg of dietary supplement can be included without nutritional and productive interference.
Introduction
Brazil is the sixth largest milk producer worldwide and has great potential to meet the growing domestic consumption and increase participation as an exporter of dairy products. However, in order to consolidate this scenario, it is necessary to increase the production of high-quality milk and keep costs consistent with business profitability.
Glycerol, or propane-1, 2, 3-triol, is an organic compound belonging to the alcohol function; it is liquid at room temperature (25 °C), hygroscopic, odorless, viscous and sweet in taste. With the introduction of vegetable oil in the biofuel production chain in Brazil, the supply of glycerol in the market is expected to increase, although the demand is not proportional to the supply, causing an environmental barrier.
The inclusion of glycerol in feed to replace corn is a possible alternative for formulating diets for lactating cows, in addition to the results of decreased production costs, considering the market prices. However, additional information on the economic evaluation of its inclusion in diets is needed to determine the effects of glycerol on relevant characteristics such as consumption, milk production and digestibility, especially in diets where intake and digestibility of fiber may limit the performance (Donkin et al., 2009) .
The objective of this study was to evaluate the nutritional and productive characteristics of primiparous lactating cows grazing on tropical pastures with different levels of crude glycerin in the supplement.
Material and Methods
The experiment was carried out at Rancho Santana farm in Jequie, Bahia State, Brazil, located at 13° 52' 14" South, 40° 09' 47" West longitude, with an average altitude of 260 m. Fieldwork was conducted between December 21, 2010 and March 16, 2011 , deployed in an area of 7600 m 2 , divided into 14 paddocks of approximately 543 m 2 each, formed with Brachiaria brizantha MG-5, irrigated with fixed spray sprinklers and fertilized during the experiment with 240 kg N/ha, in the form of urea, distributed throughout the experimental period. Temperature (thermometer with maximum and minimum range of -40 to +50 °C, Walmur ® ), precipitation and irrigation data were collected during the experimental period (Table 1) . The rotational grazing paddocks used had one day of occupation and 13 days of rest.
Ten ¾ Holstein × ¼ Dairy Gyr lactating primiparous cows, with 109±24 days of lactation, average initial age of 30±6 months and average initial body weight of 426.2±68.29 kg were distributed in five treatments using two simultaneous 5 × 5 latin squares.
Treatments consisted of different levels of crude glycerin in the supplement: no glycerin inclusion in the supplement (control); 94; 191; 289; and 389 g glycerin/kg supplement ( Table 2) .
The morning milking was done at 05h00 and the second milking at 16h00. Portable milking bucket equipment was used to milk cows in a single return lane milking parlor. The concentrate supplement was provided individually immediately after milking, in a polypropylene trough, with availability of 100 linear centimeters per animal.
The animals underwent a 10-day adaptation period to the coproduct prior to initiation of the experimental period, based on the recommendation of Donkin et al. (2009) offering an intermediate diet (191 g glycerin/kg supplement). The experiment lasted 75 days, divided into five periods of 15 days each with 10 days for adaptation to experimental diets and five days for data collection.
Pasture was monitored daily, using the methods of McMeniman (1997), Wilm et al. (1994) , Gardner (1986) and Campbell (1966) , for the collection and evaluation of total residual biomass (TRB), forage biomass availability and accumulation rate (AR), respectively (Table 3) .
Stocking rate (SR) was calculated considering the animal unit (AU, 450 kg BW). The forage allowance (FA) was calculated using the following formula: FA = {(TRB × area + AR × area) / BWtotal} × 100, where: FA = forage allowance, kg DM/100 kg BW/day; TRB = total residual biomass in kg DM/ha/day; AR = accumulation rate in kg DM/ha/day; and BWtotal = total body weight of the animal in kg/ha.
The pasture potentially digestible DM (pdDM) was calculated as described by Paulino et al. (2006) , by the equation: pdDM = 0.98 × (100 -%NDF) + (%NDF -%NDFi). The height of compressed forage was measured through a graduated scale, with the aid of a transparent plastic sheet, at all points of forage collection. During the period of collection (last five days of each period) samples were collected from simulated grazing, obtained through observation of animals, identifying the type of material consumed and collecting a sample similar to the feed ingested (Johnson, 1978) .
To estimate the fecal output, LIPE ® (isolated, purified and enriched lignin Eucalyptus grandis, UFMG, Minas Gerais) was used as an external marker. One capsule of which was administered after the morning feeding of the concentrate for seven days, including three days for adjusting and regulating the flow of excretion of the marker and four days for collection of feces. To determine the internal marker, indigestible neutral detergent fiber (NDFi), samples of forage, feces and concentrates were incubated in the rumen of four fistulated animals for 240 hours (Casali et al., 2008) , using bags of TNT 100 (non-woven textile), considering the ratio of 20 mg of sample/cm 2 and the residue after incubation regarded as the indigestible portion.
Dry matter intake (Table 4) was obtained by the following equation: DMI = {[(FO × CIF) -IS] / CIFR} + DMIS, where in DMI is the dry matter intake (kg/day); FO is fecal output (kg/day); CIF is the concentration of the marker present in the stool (kg/kg), IS is the marker present in the supplement (kg/day); CIFR is the concentration of the marker present in the harvested forage as simulated grazing (kg/kg); and DMIS is the dry matter intake of the supplement (kg/day).
Laboratory tests were performed at Laboratório de Nutrição Animal of Universidade Estadual do Sudoeste da Bahia -UESB, Campus Vitória da Conquista, Bahia, Brazil. Samples of concentrate supplement, simulated grazing (Table 4 ) and feces were dried in a pre-forced ventilation oven at 55 ºC for 72 hours. Dry matter (DM), crude protein (CP), mineral matter (MM) and ether extract (EE) were analyzed according to the AOAC (2000). Neutral detergent fiber corrected for ash and protein (NDFap) and acid detergent fiber (ADF) were analyzed by the sequential method, according to Detmann & Valadares Filho (2010) . The non-fiber carbohydrates (NFC) were calculated as the difference between total carbohydrate and NDFap.
Milk production was assessed from days 11 through 15 of each experimental period. The calculation of the milk production corrected for 35 g/kg fat (MPc) was done using the following formula (Tyrrell & Reid, 1965) : MPc = 12.82 × FP + 7.13 × PTP + 0.323 × MP, where: FP = fat production, kg/day; PTP = protein production, kg/day; and MP = milk production, kg/day.
The body condition score was evaluated by the same observer using a five-point scale (1 = thin, 5 = fat), in increments of 0.25 units for every intermediate one (Edmonson et al. 1989 ). The animals were weighed at the beginning and end of each collection period for evaluation of the variation of body weight.
To determine their composition, milk samples were individually collected in two consecutive milking sessions, on the 13th and 14th days of each period. Aliquots were composed of 20 mL/L produced (Eifert et al., 2006) from the morning and afternoon milking sessions, and the proportionality of production of each animal training was considered for the composite sample. In all variables, every animal represented one experimental unit. The results were statistically analyzed by analysis of variance and regression at 0.05 probability, using program SAEG (Sistema para Análises Estatísticas e Genéticas, version 9.1). 
Results and Discussion
For all consumption variables there were no significant differences (P>0.05) between the levels of crude glycerin (Table 5 ). The lack of effects of adding glycerol to the total dry matter intake (TDMI) is consistent with other findings of research conducted in feedlot (DeFrain et al., 2004; Chung et al., 2007; Donkin et al., 2009; Wang et al., 2009 ). However, our findings were in contrast with the studies of Fisher et al. (1971) , who reported that glycerol stimulated consumption when the animals were fed 472 g/day in the concentrate, and Ogborn (2006) , who stated that this trialcool has a depressive effect on consumption. Other studies (Fisher et al., 1971; Ogborn, 2006) reported that this intake variation is a function of metabolizable energy supply, while at high energy supply, according to the high level of glycerol, there is a reduction in consumption, while providing moderate glycerol favors the efficiency of utilization of nutrients, increasing ingestion. Wang et al. (2009) state that these varying effects of glycerol on the TDMI may be due to the quality of coproduct used, the level of addition of glycerol or the proportion of concentrate and roughage in the diet. On the market there are basically two forms in which glycerin is presented: purified with a content of 95% glycerol and crude with various levels of glycerol, but always lower than the content of the purified glycerin. With the similar TDMI between the levels of crude glycerin (Table 5) , we verify that it is composed of the sum of the similar consumption of forage and supplement in the different rations. Therefore, there was no relationship between the level of dietary crude glycerin and forage DM intake.
Given that the crude glycerin is liquid at room temperature, with the inclusion of 390 g per kg, which made the supplement pastier, even then, this physical change in its consistency did not promote rejection of the supplement. Mertens (1987) highlights that food assessment begins by checking for intake by these animals, assessing its acceptability and intake rate (ability to ingest the neutral detergent fiber). In this context, the crude glycerin does not influence the consumption of the fibrous carbohydrate fraction, thus permitting its use in feed for lactating cows consuming tropical pastures.
The nutrient intake did not differ (P>0.05) between the levels of crude glycerin in the supplement, since they were similar in chemical bromatological composition, besides the fact that diets were also isoenergetic and isonitrogenous, having equal TDMI, which certainly influenced these results. Donkin et al. (2009) reported that the use of neutral detergent fiber decreased with the increase of glycerol in the diet, suggesting the need for further studies for the understanding of the effects on the ingestion and digestion of NDF.
With the exception of ether extract digestibility (EED), all digestibility values were similar between the levels of crude glycerin (P>0.05) ( Table 6 ). Observing mean results for the EED found in each treatment, those with crude glycerin inclusion were close to each other and different from control. This lower result found for this variable can be explained by the lower digestibility for the diet without the coproduct. Khalili et al. (1997) stated that the supply of glycerol along with plants that have a high content of fatty acids (lipids) increases the digestibility of lipids, leading to the argument that the interaction of glycerol and fatty acids results in an increase in the production of MPc (Khalili et al., 1997) , being a consequence of increased digestibility of lipids. Donkin et al. (2009) , working with glycerol levels in the diet (0, 50, 100 and 150 g/kg) of Holstein cows, found increases in the digestibility of DM (DMD), organic matter (OMD) and crude protein (CPD). No differences were found in NDF digestibility (NDFD) between the control and the levels 100 and 150 g/kg, but the level 50 g/kg decreased it compared with control. The authors state in their only comment about the NDFD that more studies should be conducted to elucidate the effect. There were no differences between treatments (P>0.05) for milk production (MP) and feed conversion (FC) ( Table 7) . Several studies in the literature found no significant differences for MP (Chung et al., 2007; Donkin et al., 2009; Wang et al., 2009; Rico et al., 2012; Shin et al., 2012) . However, Boyd et al. (2009) evaluated the response of adding glycerol (none, 200 and 400 g) in the diets of lactating cows and found a drop in milk production. On the other hand, Bodarski et al. (2005) evaluated the supply of 300 and 500 mL glycerol/day for lactating cows and found an increase of 14.6 and 12.5% in milk production compared with control. It appears that there are contrasting results between studies with glycerol, thus generating the possibility of interaction between glycerol and the other ingredients of the diet. Milk production corrected for 35 g/kg of fat (MPc), variation in body weight (BW) per period and per day and variation of body condition score (BCS) showed a decreasing linear effect (P<0.05) with increased levels of crude glycerin. In previous studies, Donkin et al. (2009) observed an increase in body weight with inclusion of glycerol at the levels of 100 and 150 g/kg, whereas for the level of 50 g/kg it was similar to control. Wang et al. (2009) , in turn, found elevation of body weight with increasing addition of glycerol.
An association between variation in BW (day and period) and in BCS regarding similarities of their effects was noticed in this trial. Each unit of BCS (0-5) represents a change of 82 kg BW for Holstein cows (NRC, 2001) . The average variation of BCS in the BW found in this study was lower than the amount mentioned by the NRC (2001). For Girolando cows, with average initial body weight of 426.2±68.29 kg, for each BCS unit, a variation of 24.7 kg in BW was observed.
Analyzing the results for variation in BW and TDMI, a plausible hypothesis is that efficiency for TDMI body weight gain reduces with increasing level of crude glycerin supplement. This effect may be due to several factors that affect the metabolism with decreased efficiency for milk synthesis. Donkin et al. (2009) suggest that changes in energy efficiency may be due to direct effects on rumen fermentation of glycerol metabolism. Studies with postpartum cows receiving glycerol in the diet (Chung et al., 2007) or water (Osborne et al., 2009 ) reported reductions in plasma betahidroxibutirate levels. These results suggest a metabolic change to reduce the oxidation of fatty acids to ketones or increase the use of ketones by extrahepatic tissues when the animals are fed glycerol.
Despite the fact that ruminants use volatile fatty acids as their main energy source, glucose increases its role in lactating cows due to their high energy requirement, thus depending on glucose, which is mainly produced via hepatic gluconeogenesis (85%). Glycerol can be used in the production of glucose by the liver, or be recombined with free fatty acids and non-esterified fatty acids for the synthesis of triglycerides. The liver uses the β-oxidation of fatty acids and long-chain acids for energy, and two acids of two carbons converted to acetyl-CoA combine with oxaloacetate for entry into the Krebs cycle. Some acid oxaloacetate can be used in gluconeogenesis, leading to limiting amounts of acetyl-CoA derived from β-oxidation, which can enter the Krebs cycle. The circulating concentrations of glycerol may serve to modulate the modification of adipose tissue triglycerides. These data point to unexplored possibilities of the interference of the post-ruminal glycerol metabolism in the dairy cow, modulating its lipid metabolism (Donkin et al., 2009) .
Despite the fact that the reproductive parameters were not the main goal of the current study, it is noteworthy that the loss of weight and body condition can lead to increased inefficiency in reproduction, depending on the speed and extent of tissue loss involved.
The fat content and yield showed a quadratic effect between treatments (P<0.05) ( Table 8 ). According to the equation found, the lowest values are found at 132 and 126 g/kg for the milk fat content and yield, respectively. However, evaluating the addition of glycerol in diets for lactating cows, Ogborn (2006) and Wang et al. (2009) observed no differences in fat content between levels of crude glycerin. found that milk composition was not affected by the addition of glycerol at 150 g/kg of diet DM. Therefore, the lower milk fat content in the diet with the addition of glycerol is consistent with DeFrain et al. (2004) and Chung et al. (2007) , who reported a lower production of milk fat when animals were fed glycerol.
According to Oliveira et al. (2007) , the highest level of milk fat reduction is produced by the isomer of conjugated linoleic acid C18:2 trans10cis12, inhibiting enzymes promoting lipogenesis in the mammary gland. Most of this isomer is synthesized endogenously by enzyme delta-9-desaturase present in the mammary gland, using fatty acids C18:1 trans-11 and C18:1 trans-7 as substrates, formed during the process of ruminal biohydrogenation of polyunsaturated fatty acids in the diet (Griinari et al., 2000) . Diets that are high in concentrates, low in forage, with finely chopped forage and added ionophores have resulted in higher levels of C18:2 trans-10cis-12 (Baumgard et al., 2000) . However, this study is not characterized by the presence of factors that could induce this effect, such as high levels of concentrate, low forage, and finely chopped forage with addition of ionophores, thus promoting depression of fat in milk. For protein, lactose, total solids, dry nonfat, regarding fat: protein, milk urea nitrogen (MUN) and somatic cell count (SCC), no significant differences were observed (P>0.05) between the treatments. Donkin et al. (2009) , working with glycerol levels in the diets (0, 50, 100 and 150 g/kg) of Holstein cows, found differences in MUN, decreasing linearly with increased levels of glycerol. The decreasing effect of the DeFrain et al. (2004) , is probably due to the effect of gliconeogenic glycerol that increases energy intake thereby reducing the excretion of nitrogen as urea in milk. However, other studies have found no effect of glycerol on MUN (Ogborn, 2006; Chung et al., 2007) . Milk urea nitrogen was found at an average of 15.67 mg/dL for production of 13.9 kg milk/day, which is above the value found by Lucci et al. (2006) of 14.15 mg/dL for the treatment that completely met the requirements of crude protein, but the production was 12.4 kg milk/day. The MUN value calculated by the equation suggested by Meyer et al. (2006) is 11.0 mg/dL (MUN = 9.52 + 0.1054 × MP; r 2 = 0.65), well below the actual value found in this study, thus rendering the equation in this system unreliable. The SCC was used to monitor the occurrence of subclinical mastitis in the cows studied, which could influence milk production and composition. Mean SCC was lower than 200000 cells/mL in all treatments. According Aquino et al. (2007) , these results are predictable, since milk production was maintained by the diets supplied, indicating adequate supply of nutrients to animals.
According to Chung et al. (2007) , substances such as salts and methanol, which are co-producers of glycerol during the synthesis, can influence the palatability of the final product. Thompson et al. (2006) mention that when these substances are added in rations, the fat content should be noted. If methanol is a glycerol contaminant, its level should be controlled according to the federal and state regulations considering biodiesel glycerol to be acceptable as an animal feed.
It was found that the use of crude glycerin in the diet of lactating cows requires a prior adaptation period. Donkin et al. (2009) stated that seven days would be enough, but 10 days were used in this trial. Nevertheless, after the seventh day, all animals consumed the concentrates fed to them.
Considering the use of crude glycerin at 389 g/kg in the supplement for cows and the actual increase in production in the biodiesel industry resulting in greater availability of glycerin, it becomes an attractive coproduct for feeding lactating cows. This is further emphasized due to the price of crude glycerin which is currently reduced along with a decreased availability of corn as feedstuff caused by the ethanol industry (Yazdania & Gonzalez, 2007; Donkin et al., 2009 ).
Conclusions
For primiparous lactating cows grazing on tropical pasture, up to 389 g per kg of crude glycerin in supplement can be added without nutritional and productive interference.
In regions where the milk producer receives a rebate based on the fat content, a cost/benefit analysis of glycerin should be conducted, since glycerin promotes fat depression in milk. Care must be taken with the weight loss of the animals so as not to interfere with reproductive parameters.
